SUMMARY Eight patients with ventricular extrasystoles are reported in whom coupling intervals of the extrasystoles to the preceding sinus beats were variable and in whom paired ventricular extrasystoles were occasionally seen. In all patients, paired ventricular extrasystoles were initiated only by comparatively late coupled ventricular extrasystoles. However, the interval between the first and the second of these paired extrasystoles was always much shorter than the coupling interval of this first extrasystole to the preceding sinus beat, so that the latter extrasystole often interrupted the T wave of the first one, indicating the R-on-T phenomenon. In two patients there was a gap between the ranges of coupling intervals for single extrasystoles and for the first ones of paired extrasystoles. These observations suggest the presence of longitudinal dissociation in the reentrant pathway as one of the causes of paired ventricular extrasystoles.
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CLOSE COUPLED ventricular extrasystoles interrupting the T wave (the R-on-T phenomenon) have been considered to initiate ventricular tachycardia and fibrillation.'`5 However, some recent data in acute myocardial infarction have shown that late coupled ventricular extrasystoles also often initiate such ventricular tachycarhythmias.6-10 The cause of the latter phenomenon is not known. Therefore, we studied possible causes of paired ventricular extrasystoles. Eight patients with ventricular extrasystoles are reported in whom coupling intervals of the extrasystoles to the preceding beats were variable and paired ventricular extrasystoles were occasionally seen. We investigated the relationship between the coupling interval and the appearance of paired extrasystoles.
Materials and Methods
Electrocardiograms continuously recorded from eight patients were selected because: 1) ventricular extrasystoles with the same configuration were frequently found; 2) coupling intervals of the extrasystoles to the preceding beats of the basic rhythm showed a marked variation of 0.08 second or longer; and 3) in one or more parts of the continuous recording the extrasystoles occurred in pairs. The clinical data of these patients and the lengths of the continuous recordings are presented in table 1. The patients were seen between September 1976 and January 1979. Three of these patients had congenital heart disease and one was studied 6 hours after the onset of an anterior myocardial infarction. The other four patients had no organic heart disease. When electrocardiographic data were obtained (table 1) , none of the patients was undergoing digitalis therapy or other antiarrhythmic therapy, though one patient with acute myocardial infarction was administered i.v. lidocaine when short runs of ventricular tachycardia occurred.
All patients were in basic sinus rhythm. Though coupling intervals showed marked variation, no fusion beats were found and we could not discern independence of the ectopic rhythm from the basic rhythm in any part of the recording. Following the classic criteria," the above factors make parasystole unlikely, though these criteria are not always useful in differentiating parasystole from ordinary extrasystolic rhythm. '2-15 ECGs were continuously recorded by a directwriting instrument. All coupling intervals of the extrasystoles were measured by a single observer, and the relationship between the coupling interval and the appearance of paired extrasystoles was investigated. In six patients in whom we saw two or more pairs of extrasystoles in a continuous recording, the difference between the mean coupling interval for single extrasystoles and that for the first ones of paired extrasystoles was statistically analyzed using the t test.
Results
The results are summarized in table 1 and figure 1. We saw a remarkable relationship between the coupling interval to the preceding sinus beat and the appearance of paired ventricular extrasystoles. In all cases paired ventricular extrasystoles were initiated only by comparatively late coupled ventricular extrasystoles. When an extrasystole occurred beyond a certain critical length after the preceding sinus beat, this extrasystole was often followed by another extrasystole. However, when an extrasystole occurred within this critical length after the sinus beat, the extrasystole was never followed by another extrasystole. In all cases this critical length was longer than the middle value between the shortest and the longest coupling interval to the preceding sinus beat. In all of five cases in which three or more pairs of extrasystoles were found in a continuous recording, the mean coupling interval for the first paired extrasystoles was significantly longer than that for single extrasystoles (p < 0.01). Although paired extrasystoles were initiated only by comparatively late coupled extrasystoles, the interval between the first and the second of these paired extrasystoles (E,E2 interval in table 1) was always much shorter than the coupling interval of this first extrasystole to the preceding sinus beat. Usually the intervals between paired extrasystoles were shorter than the shortest coupling interval between the sinus beat and the extrasystole, and the latter of paired extrasystoles often interrupted the T wave of the first one, indicating the R-on-T phenomenon.
In case 8 the ECG, taken 6 hours after an anterior myocardial infarction, showed occasional paired ventricular extrasystoles. The critical coupling interval inducing these paired extrasystoles was about 0.56 second ( fig. 1 ). After that, the ECG was continuously observed with a long-term ECG recording system (Cardiologger, San-Ei Instrument Company, Tokyo, Japan).'6 Figure 3 shows parts of this long recording. When extrasystoles occurred with couplings longer than the critical length of 0.56 second, they often initiated short runs of ventricular tachycardia. Case 5 also had occasional tachycardia that continued for a minute, though the ECG during the attack could not be taken. The other patients had no tachycardia.
Discussion

Mechanism of Paired Extrasystoles
The above observations in this study suggest a cause for paired ventricular extrasystoles ( figs. 4 and 5) . The explanations we discuss are valid regardless of whether the conduction disturbance occurs in the reentrant pathway or in the junction between an ectopic focus and the surrounding ventricular myocardium. However, in this study, the explanations are made only with regard to the reentrant pathway, because we believe that such ventricular extrasystoles with variable coupling are caused by the reentrant mechanism 14, 17 Figure 4 shows part of the recording in case 1. In this figure the sinus beat S4 is followed by the extrasystole E, with a comparatively short coupling of 0.40 second. The sinus beat S5 is followed by the extrasystole E4 with a comparatively long coupling of 0.48 second. The next sinus impulse, S6, is not conducted to the ventricles; it is blocked at the atrioventricular (AV) junction. After that, the sinus beat S7 is not followed by a manifest extrasystole, suggesting that an event similar to the Wenckebach phenomenon occurs in the reentrant pathway; in this case, however, a block subsequent to the progressively increasing conduction delay occurs at the AV junction. The diagram below the strip shows that after the progressively increasing conduction delay in the reentrant pathway, a block of the sinus impulse (S6) occurs at the AV junction and, in the subsequent sinus impulse, S7, conduction in the reentrant pathway recovers. Because of insufficient conduction delay, the sinus impulse S7 becomes a concealed ventricular extrasystole due to interference at the distal end of the reentrant pathway.'8 Figures 5A and B illustrate such concealed and manifest reentrant extrasystoles. The upper end of the illustrated reentrant pathway indicates the distal end of the pathway at which unidirectional block occurs. The impulse can enter the reentrant pathway only through the lower end of the illustrated pathway.
In the lower strip of figure 4 , the sinus beat S1, is followed by the extrasystole E,2 with a coupling of 0.42 second. The sinus beat S16 is followed by no manifest extrasystole, suggesting that this sinus impulse is blocked at the reentrant pathway. However, the next sinus beat, S,7, is followed by the The findings shown in figure 4 indicate that the absolute refractory period at a distal level of the reentrant pathway is about equal to or slightly longer than the sinus cycle length in this figure. In the upper strip, after conduction in the reentrant pathway recovers in the sinus impulse S7, conduction delay in the pathway again increases. After marked delay in the pathway, the sinus impulse S9 reenters the ventricles and becomes the extrasystole E7. The coupling interval of the extrasystole E7 to the sinus beat S (0.50 second) is markedly prolonged but still much shorter than the sinus cycle length. This indicates that the interval SqE7 is much shorter than the absolute refractory period at the distal level of the reentrant pathway. Despite this, the extrasystole E7 is followed by another extrasystole, E8. If the extrasystole E7 occurred after the sinus impulse S9 stimulated all the parts of the reentrant pathway, the extrasystolic impulse E7 could not pass again through the pathway, and the extrasystole E8 would not occur. Therefore, we must assume that the sinus impulse Sg does not stimulate all the parts of the pathway; that is, that the extrasystole E7 occurs after the sinus impulse S9 passes through only a part of the pathway. Longitudinal dissociation in the reentrant pathway is strongly suggested. Paired ventricular extrasystoles E17 and E,8 in the lower strip also suggest such longitudinal dissociation.
Diagram D, in figure 5 illustrates longitudinal dissociation in the reentrant pathway, in which the absolute refractory period of one lateral part (the left side) is slightly longer than that of the other lateral part (the right side), and the sinus impulse passes through the right side only. Thereafter, it becomes a manifest extrasystole with a prolonged coupling.
Diagram D2 illustrates the stage after diagram D,. In this stage the left side of the reentrant pathway recovers from the absolute refractory phase. Diagram D2 shows that after the extrasystolic impulse becomes manifest in diagram D, it reaches the reentrant pathway again and, passing through the left side of the pathway, becomes another manifest extrasystole. In diagram D2 the impulse falls considerably after the absolute refractory period of the left side, and therefore reaches the distal end of the pathway after a comparatively short conduction time. As a result, the latter of paired extrasystoles occasionally interrupts the T wave of the first one, indicating the R-on-T phenomenon.
In case 2 ventricular extrasystoles usually showed concealed bigeminal rhythm. This rhythm suggests 2:1 exit block due to the long absolute refractory period in the reentrant pathway. 18' 20 This period in case 2 was considered to be about 0.85 second, which was much longer than the coupling interval of the first of paired extrasystoles (0.64 second). As in case 1, this suggests longitudinal dissociation in the reentrant pathway. A discontinuous AV nodal conduction curve during the atrial extrastimulus examination suggests dual AV nodal pathways.2' As in figure 5 , if there is some difference not only in the absolute refractory period, but also in the conduction velocity between the right and left sides of the reentrant pathway, and if the conduction velocity in the right side is slower than that in the left side, the discontinuity as seen in the AV nodal conduction will also occur in conduction in the reentrant pathway. A gap will be found between the range of coupling intervals shown in the stage of diagram B and that in the stage of diagram D1. Actually, such a gap was found in cases 6 and 7 ( fig. 1) . This reinforces the presence of longitudinal dissociation in the reentrant pathway.
In the other four cases, neither the presence of such a gap between the ranges of coupling intervals nor the presence of concealed extrasystolic rhythm could be disclosed. However, the fact that paired extrasystoles were initiated only by comparatively late coupled extrasystoles suggests that in these cases too, longitudinal dissociation in the reentrant pathway might be the cause of paired extrasystoles. In these four cases the interval between paired extrasystoles E, and E2 was much shorter than the interval between the preceding sinus beat S and the extrasystole E,; the difference between them was markedly long. If the extrasystoles E1 and E2 were caused by reentry using the same pathway, the markedly long difference would indicate that the impulse S could not reach the entrance of this reentrant pathway without passing through a region showing abnlormally prolonged conduction delay, but that the impulse E1 could reach the same entrance without passing through this region. The above assumption also indicates that a form of dual pathways was present as a cause of paired ventricular extrasystoles. Some recent data in animal experiments suggests that longitudinal dissociation occurs in the intraventricular conduction system. [22] [23] [24] [25] In figure 5, 
